penetrance. Autosomal dominant FH is attributed to mutations in three different genes: LDL receptor (LDLR), APOB, and proprotein convertase subtilisin/kexin type 9 (PCSK9) (1, (3) (4) (5) . Other FH genes have been searched for using exome sequencing without success (2). FH caused by mutations in LDLR adaptor protein (LDLRAP) is known as autosomal recessive FH (2). FH is the most common monogenic disorder leading to premature CHD; despite this fact, it is notoriously underdiagnosed and undertreated worldwide (6).
hypercholesterolemia, severe hypercholesterolemia, stroke and hypercholesterolemia, premature cardiac disease and hypercholesterolemia, cascade screening, and founder effect. These terms were crossed with the keywords and MeSH terms for LA ethnicity: minority groups, ethnic groups, Hispanic American, Native American, continental ancestry, American Indian, and all countries that constitute Latin America.
All literature in Spanish, Portuguese, and English was included. In addition, the reference lists of review articles and conference abstracts were also considered. Abstracts were assessed independently by two research associates to identify eligible research reports. If an abstract was not disqualified on the basis of the study methods or data presented in the abstract, a full copy of the report was obtained.
RESULTS
Our search strategy retrieved a total of 19,658 publications. After removing any duplicate documents, a total of 19,508 abstracts were reviewed. Of these, 19,454 articles were excluded as they did not complete the inclusion criteria of the systematic analysis. Finally, 63 relevant full-text articles were assessed in detail for eligibility. Of these, 33 publications were excluded due to incomplete information. As a result, a total of 30 studies were included for the purposes of this article. The PRISMA algorithm is presented in Fig. 1 . The characteristics of the 30 articles included in this systematic analysis are shown in Table 1 .
Characteristics of individuals with FH in Latin America: summary
Information regarding the scenario of FH in Latin America was available from 30 published articles (Table 1 ) (11, . In total, 10 countries are represented, namely Argentina, Brazil, Chile, Costa Rica, Cuba, Honduras, Mexico, Panama, Paraguay, and Uruguay. Of these, Brazil and Mexico provided the bulk of the information with nine and seven publications, respectively. The types of publications included 18 case reports (often with cascade screening of the family) and 12 reviews of FH cohorts. Data on both homozygous FH (HoFH) and HeFH have been published.
With regard to FH case reports (n = 18), 10 articles identified HoFH subjects (those that report mutational analysis confirm homozygous LDLR mutations), 6 discuss HeFH cases (4 caused by LDLR mutations and 3 due to APOB mutations), and 1 reports the characteristics of a Mexican individual with autosomal recessive hypercholesterolemia (ARH) (due to a LDLRAP mutation). Five case reports do not have mutational analysis (Argentina, 2; Honduras, 1; Panama, 1; and Brazil, 1). In the HoFH case reports (n = 10: Brazil, 2; Mexico, 2; Argentina, 2; Honduras, 1; Panama, 1; Paraguay, 1; and Uruguay, 1), the mean age of adult subjects (n = 9) was 32.9 years. The mean total cholesterol and LDL-C levels were 702.2 mg/dl and 521.1 mg/dl, respectively. The majority of the HoFH cases (83%) had evidence of atherosclerotic disease.
In the HeFH case reports (n = 6: Chile, 2; Brazil, 1; Mexico, 1; and Uruguay, 2), the mean age of subjects was 51.3 years and the mean total cholesterol level was 415 mg/dl (n = 6). Tendon xanthomas and premature coronary artery with an elevated LDL-C (LDL-C >190 mg/dl), the presence of xanthomas (tendinous/tuberous), corneal arcus (<45 years old), family history of FH, and either a personal or family history of premature coronary artery disease.
Traditionally, the prevalence of HeFH is considered to be 1 in 500 individuals. This figure is based on the results of a European survey of familial lipoprotein disorders in myocardial infarction survivors (13, 14) . However, recent work in a Dutch population estimated a prevalence of 1 in 137 persons (1, 10, 11) . In Australia, 1 in 229-353 inhabitants may be affected, while a figure of 1 in 213 has been proposed in a Chinese population (15, 16) . Such disparities in prevalence estimates are due to differences in population ancestry and in diagnostic criteria used to define the disease. In populations with founder effect, such as those of South Africa, Quebec, and Lebanon, prevalence estimates are expected to be higher. For example, the prevalence of HeFH in French-Canadians (Quebec) is approximately 1:270; in the rest of Canada, where the population is more genetically heterogeneous, this figure may be closer to 1:500 (14) .
The burden caused by FH varies among countries and ethnic groups. The existing information concerning FH has been gathered from European cohorts or countries with national registries. The Netherlands has the best record, with an estimated 71% of cases identified. However, the situation is very different in other parts of the world. Globally, less than 5% of FH individuals have been identified (5) . In Latin America, the prevalence of FH is largely unknown. In this part of the world, there is a lack of public awareness regarding FH. In this article, we present a systematic review of FH in LA countries. The epidemiology, genetics, screening, management, and unique challenges encountered in this region are discussed. Armed with this knowledge, LA health systems may implement policies, including national registries, enabling the opportune diagnosis and management of this disease.
METHODS
A systematic review was undertaken to identify all published data regarding FH in LA populations. LA populations are any Spanish or Portuguese speaking nations south of the United States.
A systematic search was conducted following the PRISMA statement (17) in PubMed and SciELO from 1982 to 2016. The aim of the PRISMA statement is to help authors improve the reporting of systematic reviews and meta-analyses. PRISMA is an evidence-based minimum set of items for reporting such documents; it consists of a 27 item checklist and a flowchart explaining the flow of information through the phases of the review. Any type of published report discussing FH epidemiology, FH mutations, and FH public health policy in Hispanic or LA groups was considered for analysis. Articles providing clinical phenotype and/or mutational analysis in FH subjects were selected. Thus, all epidemiological, cross-sectional, cohort, retrospective, longitudinal, observational, comparative, case-control, and case reports were considered containing the following keywords or MeSH terms: familial hypercholesterolemia, heterozygous familial hypercholesterolemia, homozygous familial hypercholesterolemia, type II hyperlipoproteinemia, LDL receptor mutation, apoB mutation, PCSK9 mutation, xanthomas, arcus senilis, aortic valvular lesions and (55) (56) (57) (58) .
In Brazil, in the early 1990s, a common mutation in the LDLR gene was found in FH probands. This was called the "Lebanese allele" (exon 14 Cys681); it is a cause of FH in Arab populations and produces a shortened receptor lacking three domains, resulting in an abnormally slow exit rate from the endoplasmic reticulum (55). Figueiredo et al. (21) searched for the presence of this mutation in 18 FH subjects from 10 unrelated families living in Ribeiro Preto, Brazil. They were able to identify the mutant allele in nine patients from five families (eight heterozygous cases and one homozygous case), all five families confirmed Lebanese ancestry. This was the first report of this mutation in a non-Arab population, indicating an important contribution of this ethnic group to FH in Brazil. Alberto et al. (22) studied 59 FH subjects from the same region of Brazil and confirmed the presence of the Lebanese allele in 30% of the cases. Several years later, Salazar et al. (24) discovered seven novel LDLR mutations in families living in Sao Paolo; however, the Lebanese mutation was not found. They speculated that the frequency of FH mutations may vary from state to state depending on the ethnic background of the inhabitants. Recently, Jannes et al. (27) described 248 index cases; an FH-causing mutation (LDLR, APOB, or PCSK9 genes) was found in 125 subjects (50.4%). After analyzing index cases and mutation-positive relatives (n = 359), 70 different causal mutations in the LDLR (97.2%) and 2 in APOB (2.8%) were found. Only 10 homozygote cases (8 index cases and 2 relatives) and 1 compound heterozygote case were identified. The most common mutations were in exons 14 and 4, with 8.5% of the mutation-positive population carrying the Lebanese allele.
In Mexico City, Robles-Osorio et al. (42) assessed the contributions of the LDLR, APOB, and PCSK9 mutations as causes of FH. Three reference centers participated in this analysis and 46 index cases and 68 affected relatives were identified. All index cases were diagnosed as having heterozygous autosomal dominant FH. LDLR mutations were disease were reported in four and four cases, respectively. Mutational analysis was available in four case reports, three found mutations in the LDLR (Chile and Costa Rica), and one article reported an APOB mutation (Uruguay).
The only case of ARH was reported in two Mexican siblings (aged 20 and 27 years, respectively). The mean total cholesterol and LDL-C concentrations were 677 and 655 mg/dl, respectively. They both had tendinous and tuberous xanthomata, but the presence of atherosclerotic lesions was not recorded.
In addition, we found 11 HeFH cohorts {n = 11: Argentina [1 pediatric cohort without genetic testing (n = 33)]; Brazil [5, of which only 2 are pure HeFH cohorts (n = 35 and n = 202)], Cuba [1 (n = 16)]; Mexico [3, of which 2 are pure HeFH cohorts (n = 46 and n = 29)]; and Uruguay [1 (n = 71)]}. The mean age of adult participants was 46.0 years (range 37.7-52.7 years) and the mean total cholesterol and LDL-C levels were 347 and 303.3 mg/dl, respectively. In the pediatric cohort (aged 2-15.5 years), the mean levels were 305 ± 47.9 mg/dl and 232 ± 54.2 mg/dl, respectively. The percentage of adult HeFH subjects with xanthomas was recorded in nine studies and ranged from 6.4% to 100%; the presence of CHD was mentioned in nine cohorts and ranged from 6% to 59% of the population. The age of diagnosis was late (mean 46 years). Finally, with regard to genetic analysis, the majority of cohorts reported LDLR mutations, with the Lebanese allele predominant in Brazil and an Afrikaner mutation reported in a Cuban family. Mutations in APOB were published in one Brazilian, one Uruguayan, and one Mexican cohort, and one PCSK9 mutation was recorded in a Mexican cohort.
The cohort studies did not contain information to assess the prevalence of atherosclerotic disease. There were no prospective studies with long-term follow up. Information regarding statin use was also incomplete. The diagnostic criteria utilized also varied, underscoring the lack of uniform criteria.
Genetics of FH in Latin America
LDLR mutations. Table 2 shows the most common LDLR mutations associated with FH in Latin America. The 
Mutations reported in at least three subjects for Brazil and Mexico or mutations published in case reports for other countries. Mutations unique to a country (according to the University College of London database or article cited) are FH-Hondurus, FH Mexico 2 and 3. Mutations which do not appear in the University College of London database are shown in italic (we assume they are unique to the country in which they are reported). Nucleotide numbering as suggested by Yamamoto et al. (54) . In accordance with LDLR variants reported in LOVD-Select Database (http://www.ucl.ac.uk/ldlr). 
It is important to highlight the absence of APOB mutations in people of Native American ancestry. Three cases have the same mutation (Arg3500Gln). This is an adenine for guanine substitution (57) that results in an arginine for glutamine change at the 3500 amino acid position. This interferes with the apoB-LDLR binding. The majority of affected individuals are heterozygotes for this mutation. The remaining APOB mutations were also located on exon 26, and were very close to the R3500Q site [Tyr3560Cys (Mexico) and Arg3558Cys (Brazil)].
In summary, the information regarding the molecular diagnosis of FH in Latin America is scant. In Brazil and Mexico, the countries with the largest cohorts, LDLR mutations exhibit allelic heterogeneity. The majority of LDLR mutations have previously been encountered in European populations. In general, mutations are found along the entire sequence of the LDLR gene. In Brazil, exons 4, 7, and 14 are the most common sites. The Lebanese allele was identified in Brazil and an Afrikaner mutation in Cuba. In Mexico, six unique mutations have been reported. Novel mutations have also been reported in Honduras (one), Brazil (two), and Cuba (one). It is interesting to note that Brazil and Mexico do not share commonality regarding LDLR mutations (Table 2) . Furthermore, mutations in APOB or PCSK9 are unusual throughout Latin America (43) . In addition, a significant percentage of FH cases do not have previously known FH mutations. Ahmed et al. (59) were unable to identify a disease-causing mutation in the LDLR, APOB, or PCSK9 genes in 66% of their multi-ethnic autosomal dominant hypercholesterolemia population (53% in Hispanics). Although this could be due to methodological limitations, we must consider other explanations. LA populations have ancestors of Spanish and Portuguese origin; however, the genetic contribution of the indigenous populations has a remarkable effect on the genetic epidemiology of the chronic diseases in Latin America. We have seen that between countries in Latin America there are no common FH-causing mutations. This observation suggests that founder effects are not common among the Amerindian FH cases. Clearly, additional studies are needed to describe the contribution of the Amerindian susceptibility variants in the pathogenesis of FH in LA mestizo populations. The existence of undiscovered FH-causing mutations (59) is an alternative explanation.
Autosomal recessive FH. Canizales-Quinteros et al. (37) reported the characteristics of two Mexican siblings who were found to have a novel splice site mutation at the 1p35 locus (IVS4+2T>G) of the LDLRAP gene. LDLRAP encodes a protein required for clathrin-mediated internalization of the LDLR in the liver. To date, three loci have been described for ARH (1p35, 15q25-q26, and 13q). The majority of subjects with this disorder are of Mediterranean or Middle Eastern origin, and more than half are from Sardinia (56). To our knowledge, of the 11 ARH mutations described worldwide, this is the only one reported in Latin America. 
All of the previously known LDLR mutations had been identified in Spanish FH patients. PCSK9 was sequenced in the remainder of probands with no identified LDLR or APOB defects; however, no PCSK9 mutations were found. The study also included linkage analyses; only one large kindred showed significant linkage to the PCSK9 locus (1p34.1-32) (multipoint LOD score of 3.3). In at least four families, it was possible to exclude the participation of known FH genes (with mutational and linkage analysis), suggesting the existence of unidentified causal genes. In 2011, Vaca et al. (40) 2), and c.1090T>C (p.Cys364Arg, referred to as FH-Mexico 3). In addition, a novel mutation in PCSK9, c.1850C>A (p. Ala617Asp), was also detected, although it was considered noncausal. Also, in Guadalajara, Magaña-Torres et al. (39) reported the case of an 8-year-old boy with homozygous hypercholesterolemia due to the p.Cys352Tyr alteration (FHMexico 2). This individual was from Papantla, Veracruz, with apparently unrelated parents. Finally, in Oaxaca, Martinez et al. (38) described a local woman with HoFH; she was found to have an LDLR mutation on exon 15 (c2271delT), which results in a stop codon and a truncated protein. This mutation was originally reported by RoblesOsorio et al. (Mexico City) (42) and subsequently confirmed in the Guadalajara cohort. All three cases originated from a Mixteca community of Oaxaca, within a geographically isolated population.
In Uruguay, a pilot registry reported 71 mutations in the LDLR, but did not catalog these alterations in the publication (47) . Only one case report describes a Uruguayan family with a novel mutation in the promotor region of the LDLR gene (c.-47C>A) (46) .
Information regarding LDLR mutations is limited to case reports in Argentina (18) (19) (20) , Chile (31, 32), Costa Rica (33, 34), Cuba (35), Honduras (36), Panama (44) , and Paraguay (45) . Mutations reported in the majority of the cases were inherited from European or Afrikaner ancestors. Novel mutations were reported in Cuba (35) and Honduras (36) . Some of the case reports had atypical presentations, such as the coexistence of FH and cerebrotendinous xanthomatosis (32 with the possibility of molecular diagnosis in one score. One of the drawbacks of these criteria is that tendon xanthomas and arcus cornealis are often present only with advanced disease. Furthermore, because LDL-C levels vary with age, using this criterion in a categorical manner, regardless of age, may result in under-diagnosis in younger populations. A new tool to aid in the selection of cases for genetic testing has recently been developed. It tries to take these drawbacks into account and may be useful in differentiating family members with and without FH, but is less good at diagnosing index patients (89) . LA studies have selected the DLCN criteria as the most common tool to diagnose FH.
No country has universal population screening; this is precluded by the high costs involved and the possible high numbers of false positives (70) . In order to identify new FH cases from an index case, cascade family screening should be used. This is a method for identifying people at risk for a genetic condition by a process of systematic family tracing (83) . It is considered the most efficient method for the diagnosis of new FH cases. Countries such as The Netherlands, UK, Norway, Spain, Japan, Australia, Canada, and the USA have established cascade screening programs. For example, the UK's National Institute for Health and Clinical Excellence (NICE) recommends using cascade screening with genetic testing to detect new FH cases (84) . The benefits of cascade screening include early identification of FH patients and increased numbers of patients on cholesterollowering therapy resulting in reduced morbidity and mortality. Several types of cascade screening are available; either clinical, genetic, or a combination of both. Following the identification of an index case, family members are assessed for risk. In European countries, genetic cascade screening has been found to be cost-effective; The Netherlands was the first country to institute a competent genetic cascade screening program (90, 91) . Here, the FH probands are identified using the DLCN criteria in lipid clinics. DNA samples of patients with a positive clinical diagnosis are analyzed. If a mutation is identified, the patient is used as the index case for family cascade screening. To date, this program has identified around 25,000 FH patients.
LA countries lag behind in the establishment of models of care, national registries, and cascade family screening programs; the early detection of FH patients only occurs in specialized centers (29, 92) . There are no standardized protocols for cascade and genetic testing. Only two countries have published the results of their cascade screening programs and have specific clinical guidelines. In Brazil, the results of an FH genetic cascade screening program in Sao Pablo have recently been published. From 125 index cases with confirmed mutations, 394 relatives were genetically screened, resulting in 234 (59.4%) individuals with pathological mutations. Therefore, for every index case, 1.8 affected relatives were identified (27) . GENYCO (from "Genes y Colesterol" in Spanish) is the national program for early detection and treatment of FH in Uruguay. It is a centralized national registry providing access to data regarding genetic testing, cascade screening, and the management of FH. It was established in 2012 and may allow the
Epidemiology of hypercholesterolemia in Latin America: national registries
The identification of possible FH cases is a challenge in Latin America. Farzadfar et al. (60) recently analyzed global population trends in serum total cholesterol levels. They reported that Latin America and the Caribbean were among the few regions without sufficient data. Information regarding population lipid levels can be obtained from national health surveys; these have only been carried out in Argentina (61), Brazil (62, 63) , Chile (64), Ecuador (65) , and Mexico (66) . However, these surveys are methodologically dissimilar. Some are only self-reported questionnaires, while others include blood samples from the general population. None of them included the systematic search for tendinous xanthomata and the sample sizes were not large enough to estimate the FH prevalence. Among those surveys in which blood samples were drawn, LDL-C >190 mg/dl was observed in 5% of the sample in Brazil (63) and 11.2% of adults in Mexico (66) (67) (68) .
Recently, Khera et al. (69) evaluated the diagnostic yield of sequencing FH genes in patients with severe hypercholesterolemia. Using an LDL-C threshold of 190 mg/dl, 7% of their population (n = 1,386) had severe hypercholesterolemia and 2% carried an FH mutation. This information suggests that the FH prevalence is greater than the originally considered (0.14% vs. 0.02%). This interpretation is supported by the prevalence (nearly 0.2%) found in the NHANES report using a modified version of the Dutch Lipid Clinics Network (DLCN). The survey included an analysis by ethnic group. Hispanics and Mexican Americans had a prevalence that was similar to that found in other ethnic groups.
Only a few countries have implemented such national registries. These include The Netherlands, the UK, Norway, Spain, South Africa, Japan, and the USA (12, (70) (71) (72) (73) (74) (75) . In Latin America, only Brazil and Uruguay have FH registries (see below). The use of registries allows the long-term follow-up of affected individuals (76-81) Last year, the European Atherosclerosis Society FH Studies Collaboration launched a global initiative that, through a consortium of major FH registries worldwide, aims to generate large-scale robust data on FH detection and management to overcome existing gaps in knowledge and care (82) . Cascade screening is an essential aspect of identifying cases. Several LA countries have endorsed this proposal; as a result, new FH registries will be available in the region in the next few years.
Diagnosis: cascade screening and genetic testing
Diagnosis is based on clinical phenotype with the application of instruments such as the DLCN, Simon Broome Registry, and US MEDPED (Make Early Diagnosis to Prevent Early Death) criteria, followed by cascade screening to identify affected relatives (83) (84) (85) (86) (87) (88) (85) (86) (87) (88) . As yet, there are no internationally agreed upon diagnostic criteria. The most commonly used instrument is the DLCN; this is because it combines LDL-C levels, family history of hypercholesterolemia, and presence of premature coronary artery disease <130 mg/dl and <100 mg/dl, respectively. The latest European guidelines are, likewise, suggesting an LDL-C level <100 mg/dl or a 50% reduction in LDL levels from baseline (if between 100 and 200 mg/dl) (95) . The International FH Foundation recommends a more stringent LDL-C target of <70 mg/dl in FH patients with CHD or other major risk factors (96) . Statin therapy should be started between the ages of 8 and 10 years in confirmed cases, in order to reduce the effects of LDL-C burden (97) . To achieve such targets, moderate to high intensity statin therapy with ezetimibe is often necessary.
For HeFH, in primary prevention, statins reduce cardiovascular mortality by 48%, whereas in secondary prevention this figure is lower at 25% (98) . A study in HeFH patients showed that the use of statins resulted in a significant delay (on average 7 years) in the onset of coronary artery disease compared with subjects without statins (99). Wong et al. (100) reported an odds ratio of 13.2 (95% CI, 10.0-17.4) for patients not receiving lipid-lowering therapy and 10.3 (95% CI, 7.8-13.8) for patients receiving cholesterol-lowering medication. A recent report estimated that high-intensity statin therapy would lead to 10% fewer coronary artery disease deaths per 1,000 FH patients treated, compared with no treatment (101) . Despite the acknowledged benefits of statin therapy, LDL-C targets are not reached (102). Pijlman et al. (103) , in a Dutch cohort, showed that only 21% were at target LDL-C levels and only 21% of patients were on combined therapy. Data from the US CASCADE FH registry showed that only 25% of patients receiving lipid-lowering therapy achieved an LDL-C <100 mg/dl, and 41% achieved a >50% reduction in LDL (104) .
Other treatment options for HoFH include portacaval shunt, partial ileal bypass surgery, liver transplantation, and LDL apheresis. Apheresis is offered to HoFH patients on a weekly basis and to HeFH patients on a twice monthly basis in specialized centers. This is the best option for HoFH with receptor-null mutations (105) . Apheresis typically results in a 50-70% reduction in LDL-C levels that can last for up to 2 weeks. However, drawbacks include limited availability, high cost, procedure duration, and the need to maintain adequate vascular access. Novel therapeutic options for HoFH include lomitapide and mipomersen (106, 107) . Although these drugs are available in several LA countries, the annual cost of mipomersen and lomitapide limits their use ($176,000 and $235,000-295,000 US dollars per year, respectively).
For HoFH (receptor-defective patients) and HeFH, PCSK9 monoclonal antibodies have recently been approved and introduced to the LA market (108) . Clinical trials have shown that PCSK9 inhibitors added to high dose statins can further decrease LDL-C by up to 60% in HeFH to produce a decrease in LDL concentrations of 40-70%. The cost efficacy of these new cholesterol-lowering treatments on cardiovascular outcomes needs to be assessed in developing countries. In the US, alirocumab and evolocumab currently cost $14,600 and $14,100 a year, respectively; approximately $40 a day.
In Latin America, because there are no long-term follow up studies of FH patients treated with lipid-lowering
of which were alive and 264 deceased. Of these, the at-risk population, estimated using Mendelian transmission, consisted of 335 persons. Analysis of this group resulted in the identification of 294 affected individuals (245 of which were still living). The authors were able to conclude that for every index case they would be able to identify 3.4 additional cases (47, 82) .
Individuals with a definite or probable phenotypic diagnosis using DLCN may undergo genetic testing if available. However, genetic mutations may not be encountered in up to 20-70% of subjects with a positive clinical diagnosis (75) . A recent study analyzing the performance of the three diagnostic criteria reported that the DLCN criteria identified 62% of mutation-positive individuals; Simon Broome identified 52%; and MEDPED criteria only 23% (89) . This same study reported that an LDL-C of >170 mg/dl showed the best sensitivity and specificity (99.5% and 97.5%, respectively) for identifying cases. In Latin America, molecular testing for FH is uncommon and only performed in reference centers. Furthermore, no standardized genetic testing procedures exist. As previously described, a constant finding in the LA series is the large proportion of FH cases in which no mutation is identified. The lack of the characterization of the Amerindian mutations may contribute to the low rate of positive genetic screening in LA patients. Commercially available DNA analysis is available in the region. The test includes the search of variants that have been associated with changes in LDL-C concentrations in Spanish or LA samples (735 for LDLR, 61 for APOB, 255 for PCSK9, and 68 for LDLRAP1). However, it did not consider the genetic variants of unrepresented populations in the published reports (i.e., Amerindian subjects).
Treatment options in Latin America
Treatment options consist of lifestyle changes, drug therapy, and LDL apheresis. In addition to modifications in diet and physical activity, cardiovascular risk factors should be tackled. This includes smoking cessation and management of obesity, diabetes, and blood pressure if present. The assessment of cardiovascular risk utilizing the Framingham tables is not recommended because this instrument underestimates risk in FH patients (93) . Such individuals are at considerably higher risk due to a lifelong exposure to elevated cholesterol levels. The chronic disease model is the standard to treat FH, in which knowledge and motivation should result in patient empowerment. FH specific issues (i.e., pregnancy, genetic counseling) should be reviewed by a multidisciplinary team. As a result, the ideal setting to treat this condition is in FH clinics, but this resource exists only in a few reference centers in Latin America.
Statins remain the cornerstone of treatment in FH. The UK NICE guideline and the National Lipid Association guidelines endorse a reduction in LDL-C of at least 50% from baseline level (84, 94) . For high-risk patients (including HoFH patients), the National Lipid Association recommends that non-HDL-C and LDL-C levels be lowered to implementing preventive strategies, and assessing the performance of healthcare systems. Two parameters that permit comparisons across populations and combine data on mortality and morbidity are quality-adjusted life years (QALYs) and disability-adjusted life years (DALYs). A QALY is the measure of the life expectancy corrected for loss of quality of that life caused by diseases. Whereas a DALY reflects the potential years of life lost due to premature death and equivalent years of "healthy" life lost by virtue of poor health.
Few studies have assessed the burden of disease in FH patients using these parameters. In Latin America, no such assessment has been undertaken. Because FH is underdiagnosed and undertreated in this region, the presence of premature coronary artery disease represents an important economic burden to the healthcare systems. Healthcare economic modeling has demonstrated that identifying and treating FH subjects promptly would result in considerable long-term savings by preventing cardiovascular disease (5) . The cost per year of life gained is comparable to that achieved with mammography in breast cancer screening. Nherera et al. (111) carried out an analysis to identify the most cost-effective screening method in FH. They showed that DNA testing, in combination with cascade screening, had an acceptable incremental cost-effectiveness ratio of £3666 per QALY; this is well below the £20,000 per QALY used by NICE as a benchmark for cost effectiveness.
FH is a considerable burden for patients, not only due to physical signs and limitations caused by the disease but because of psychosocial factors, treatment-related issues, and impact on employment (112, 113) . In general, FH patients regard themselves as healthy before the occurrence of CVD. Studies have shown that some patients experience temporary anxiety on receiving the diagnosis, others worry more about the risk of CVD in their FH relatives than for themselves, while others are more concerned about passing the disease on to their children (114). Mortensen et al. (115) found that having FH did not have much impact on the quality of life of well-treated patients, but patients who had not reached their treatment goals were concerned about the long-term impact of not being effectively treated, including the risk of premature death and disability.
In conclusion, the assessment of the burden of FH in the LA region is an area of opportunity. National registries capturing socioeconomic information and health-related quality of life data are needed to accomplish this goal.
CONCLUSIONS
This systematic review identified publications discussing the epidemiology, genetics, or public health issues of FH in LA populations. The PRISMA statement was utilized to permit the transparent and complete reporting of this information. However, drawbacks of this process are apparent. The quality of the data retrieved depends on the quality of the information source. The majority of studies were case reports and cohort studies, no prospective randomized controlled trials were available. Publications tended to therapies, there is little information regarding adherence and responsiveness to therapy. Under-treatment with LDL-C levels above desirable levels is probably common. In addition, the use of statins is not universally covered by healthcare systems and health insurance; it remains an out-of-pocket expense. In Latin America, about 78% of all medicines are paid for out-of-pocket in retail pharmacies. For example, in Mexico, only pravastatin and atorvastatin are available in the national health system. The proportion of FH patients receiving statins in Latin America is unknown. In 2009, Gonzalez et al. (108) carried out a survey to determine the percentage of Mexican patients treated with statins who achieved their therapeutic goal (as determined by the National Cholesterol Education Program Adult Treatment Panel III guidelines) under routine care. Only 20.4% of the hypercholesterolemic patients were adequately treated. Considering risk categories, 48, 20, and 12% of the patients in risk categories I, II, and III, respectively, were on target. Hence, despite the accepted efficacy of statins, in Latin America as in other parts of the world, a significant proportion of patients is not at goal.
In the case of LDL apheresis, this is only available in five LA countries. With regard to newer treatments, mipomersen is available in Argentina, Chile, Brazil, México, Venezuela, and Colombia; whereas, lomitapide is approved in Brazil, Argentina, Colombia, and Mexico. The PCSK9 inhibitors have only recently been approved in Brazil and Mexico. However, insurance companies will cover these therapies in HeFH patients for secondary prevention or statin intolerance; this is because FH is considered a preexisting condition, as it is present from birth. Thus, patients will not be able to receive treatment as part of a primary prevention strategy.
In addition, all of these novel therapies have been registered as orphan drugs; this means that financial incentives were offered to promote their development. Many pharmaceutical products are tested in Latin America, but, they are subsequently unavailable and/or unaffordable (cost is much greater than average monthly income) to most of the population (109) . Public-sector affordability thresholds for new pharmaceutical products should be determined in order to increase the access to the new drugs in developing countries.
Latin America is characterized by socioeconomic inequality. An inefficient provision of healthcare and variability in the quality of care are often a problem in this region. The poorer sections of society may be less aware of disease risk (in particular chronic nontransmissible diseases, which are often asymptomatic) and cultural barriers may also be present (language barriers for indigenous populations).
Burden of FH in Latin America
The burden of a disease is defined as the sum of the direct and indirect impact of a particular health problem in a region (110) . It can be considered in terms of financial and social impact caused by morbidity and mortality. Measuring disease burden in FH is important; it can aid in prioritizing actions in FH management and research, expenditure being the norm; we can speculate that undertreatment is common. LDL apheresis centers are not a possibility in Latin America. Novel therapies show LDL-lowering efficacy, but are not an option for the majority of affected individuals due to their high cost.
National registries need to be created, not only for the follow up of patients but also to stimulate the collaboration with the international community. This includes collaboration between LA countries and with European initiatives, such as the European Atherosclerosis Society FH studies collaboration. In Latin America, the "RED Iberoamericano de hipercolesterolemia familiar" was established on August 22, 2013; Argentina, Brazil, Chile, Spain, México, Portugal, Uruguay, and Columbia are current members (116) . The objectives of this network include: promoting education about FH for general physicians and health service providers; development of instruments to permit opportune diagnosis and treatment; improve consciousness of the disease in carriers, family members, and health authorities; and to encourage genetic and clinical investigation specific for LA populations.
National guidelines should also be established for each population. Such recommendations will raise awareness for this disease and permit dependable diagnosis and improved management of patients. Cascade screening with a defined methodology is necessary to aid in the systematic search of affected individuals. Molecular screening has been limited to the three common genes. Genome sequencing may aid in identifying new pathogenic variants; again, this will be possible in only specialized centers. Molecular tools from Spain or Portugal do not include the Amerindian component of the LA populations
The provision of care for persons with FH is inadequate. In Latin America, the establishment of models of care is essential to allow the multidisciplinary management of this disease (96, 106, 117) . Models of care involve the development of systems supported by scientific evidence (clinical experience, expert opinion, published evidence, and consultations) for the provision of quality healthcare services to a defined population. This will demand effective cooperation with various stakeholders. These include patient support groups, the public, foundations, universities and academic centers, nongovernment organizations, health economists, policy makers/politicians, and government ministers. Once a model of care is established, regular auditing and economic evaluation is necessary to maintain the standard of care.
Here, we highlight potential opportunities to create new knowledge and identify areas in which health providers should act to assure proper care for FH patients in our region. discuss subjects with severe disease, and often the given data was incomplete (molecular analysis, patient characteristics, follow up, etc.) (Table 1) . Furthermore, not all FH cases in Latin America have been published and there were a limited number of populations in whom information was available.
The results of this systematic review identify major knowledge gaps in the study of FH in Latin America. It is evident that there is a general under-diagnosis of this disease in the region. The general unawareness of the medical community maintains the diagnosis of this disease infrequent. As a consequence, prevalence estimates for this region are unavailable. It is evident that the age of diagnosis is late, often at the time of a coronary event. This is particularly alarming, as this is a potential economic burden for each population. In addition, there is a lack of data to estimate the burden of the disease in terms of QALYs and DALYs. Another problem is the lack of universal diagnostic criteria, with centers using distinct methods to identify patients. National registries have not been implemented in the majority of the LA countries. Cascade screening with genetic analysis is only available in specialized centers. A significant proportion of cases have no identifiable mutation. We can speculate, from the limited molecular information available, that there is little overlap with European populations. This is not surprising because the ethno-racial composition of modern-day LA nations is complex and diverse, combining indigenous American populations with influence from Iberian colonizers and African groups, and also recent immigrant groups from all over the world. Ancestry studies show differences between countries and among regions within individual countries. Amerindian ancestry is most prevalent in Meso-America (central Mexico, Belize, Guatemala, El Salvador, Honduras, and Nicaragua), Amazonia, and the Andean regions; whereas, African ancestry is predominantly found in Caribbean regions and Brazil. The Iberian immigrants admixed with both the Amerindians and Africans. Table 2 shows the most common FH mutations reported in LA patients. Several of these mutations have not been reported in individuals from other ethnicities. Ethnic-specific variants have been reported for other conditions in Amerindian populations. This is the case for type 2 diabetes and hypoalphalipoproteinemia in Amerindian individuals (i.e., SLC16A11 variants in type 2 diabetes and the R230C variant of ABCA1). The study of genetic epidemiology of FH in Amerindian populations opens the possibility to continue the search for new genes involved in the pathogenesis of the disease.
We must acknowledge that the limited number of studies in Latin America may have influenced our findings. Further research is necessary to confirm whether certain variants are specific to a particular ethnicity and whether PCSK9 mutations, which have only recently been identified as a cause of FH, are actually rarer in LA groups compared with other populations. In addition, ancestry markers were unavailable in order to confirm whether the mutational findings are specific to the ethnic mix in Latin America.
With regard to disease management, access to lipidlowering medication is not universal, with out-of-pocket Supplemental Material can be found at:
